Ubiquinone and protein profiles of twenty nine Penicillium aurantiogriseum type strains were studied as chemotaxonomic markers. Both markers succeeded in classifying the investigated type strains into three (for ubiquinone) and four (for protein) main groups. The present study provides useful markers for the intraspecific discrimination of the investigated strains and concluded unique in profiling the ubiquinone and protein patterns using HPLC and SDS-PAGE, respectively, of twenty three P. aurantiogriseum type strains.
Classical fungal taxonomy based mainly on morphology which accepted as a universal approach for many groups. Identification of Penicillium species is still never to be easy; so many authors had more taxonomic efforts to help Penicillium classification. Recent attempts have been made to apply chemotaxonomic and molecular biological data to species recognition and delimitation, and even to determine phylogenetic relationships between Penicillium species and their related holomorphic fungi 1 .
Penicillium aurantiogriseum was described as a plant pathogen 2 , found principally on cereals produces a nephrotoxin causing renal tubular necrosis in rats and it is implicated in Balkan endemic nephropathy 3 . Only few information regarding the benefits of either of the P.aurantiogriseum as a microorganism or its extradites such as anicequol and quinazoline alkaloids, as wel as aurantiomides B and C 4 which were a novel inhibitors for anchorage-independent growth of human colon cancer tumor cells.
Three major problems still unsolved in Penicillium systematics. First, the species concepts of some species were not definite and there must be many cryptic species to be discovered. Second, the phylogenetic relationships among most of species have not been determined. Third, the evolutionary process of species is little known 5 . Ubiquinones are prenylated quinones which are present in nearly all organisms, in plants and animals including humans, and known since 1956. They are part of the inner membrane of mitochondria and bacterial membranes serving as transmitters of electrons and protons in the respiratory chain where they are reversibly transformed into corresponding hydroquinones (ubiquinols) via semiquinones. These compounds are important carriers in the electron transport chain of respiratory systems. The number of isoprene units attached to the quinone nucleus varies, and such differences in ubiquinone structure are excellent indicators in the classification of genera and sub-generic taxa in bacteria and yeasts. Although less common, these techniques have also being used in the taxonomy of black yeasts and filamentous fungi [6] [7] . Ubiquinone, also known as coenzyme Q, belongs to the fat-soluble component in aerobic organisms and is widely distributed in nature with varying lengths of the side chain isoprene units [8] [9] .
Ubiquinones, especially the higher ones, CoQ8 to CoQ12, and particularly CoQ10, were widely used, e.g., in the treatment and prevention of various diseases such as heart and neurological diseases, in cosmetics and as food or dietary supplements. Ubiquinoles as part of the ubiquinone/ubiquinole redox-system are natural antioxidants. Its medical applications include the treatment of cardiovascular diseases 10 , hypertension 11 , and neurodegenerative disorders such as Alzheimer's, Huntington's, and Parkinson's diseases and Friedreich's ataxia [12] [13] [14] [15] . A study of Kuraishi 16 revealed that the eight series of Eupenicillium were quite homogeneous in having the Q-9 system as a major ubiquinone. However, Talaromyces species, even those within the same series, were often heterogeneous in their ubiquinone systems. The discrepancy between the present Talaromyces systematics and the ubiquinone distribution represented a strong need for further assessment of the intrageneric assignment, grouping and classification.
Distribution of ubiquinones in Penicillium species and their teleomorphic genera including Talaromyces has been demonstrated by Kuraishi [17] [18] [19] for taxonomic assessment of the species. These chemotaxonomic approaches were useful to clarify the relationship between most series of Penicillium.
electrophorietic protein profiles provide solutions to some taxonomical problems such as the insufficient morphological characters available to distinguish organisms that are genetically distinct as well as when the morphological diversity masks the genetic similarity, as illustrated by the phenomenon of alternation of generations and the occurrence of perfect and imperfect states. In addition, appropriate morphological structures may be rare, may require special conditions in order to develop, may be detectable only with highly specialized equipment, or may vary with environmental conditions 20 . Distinct and reproducible differences have been found between the protein patterns of related three studied Penicillium species; P.chrysogenum P.frequentans and. P.griseofulvum and of strains within species 21 . Sodium Dodecyl Sulfate Polyacrylamide Gel electrophoresis (SDS-PAGe) of whole cell protein is widely used for fungal identification, since it offers the advantage to have a good level of taxonomic resolution at the species and subspecies levels [22] [23] [24] [25] . SDS-PAGe of total seed proteins has found wide application in resolving systematic relationships and for inter and intra specific studies [26] [27] . moreover proteins were expressed form of genome which can be biomarkers for identification of botanic drugs [28] [29] . The analysis made by SDS-PAGe was the most efficient method for characterizing Candida strains from the oral cavity, because these species showed significant differences in protein electrophoretic patterns, and variation by gel showed good reproducibility. moreover, this method could be used as a routine procedure for the identification of yeast strains from the oral cavity or other sites since a database of reference proteins has already been constructed 30 . The present study aims to investigate the taxonomic relationships among several type strains of P. aurantiogresium using SDS-PAGe of fungal whole cell protein as well as ubiquinone profiles on the level of intraspecific variations.
Materials and Methods

Fungal strains
Twenty eight of P.aurantiogriseum type strains were purchased from the International mycological Institute (ImI) culture collections; (1) 
Media
Two media types were used; malt extract Agar (meA) medium was used maintenance of the strains 31 . Ingredients in g/l distilled water were malt extract, 20.0; dextrose, 20.0; peptone, 1.0; and agar, 20. The other medium type was yeast extract Sucrose Broth (yeS): Ingredients in g/l distilled water were yeast extract, 20.0; sucrose, 150.0. This semi-synthetic medium was used in liquid form for the cultivation of strains for the production of proteins and ubiquinones 3, 32 .
Protein-sample extraction
Fungal proteins were extracted according the method of 33 . The freeze-dried mycelia were disrupted using high-speed homogenizer and grounded with an approximately equal weight of clean cold sand and with Tris-HCl buffer (pH8; adjusted by 5m NaOH) (containing 100mm TrisHCl, 20mm Na 2 eDTA, 0.5mNaCl and 1%SDS) in cold mortar. The obtained slurry was filtered through Whatman No.1 filter paper and then the supernatant was centrifuged at 3000 rpm for 10 min. The supernatant collected and re-extracted with absolute ethanol then decanted under -20°C overnight. Total protein content of mycelial extract was determined by the method of lowry 34 , with bovine serum albumin as the standard.
Protein profiling using sds PaGe
Total mycelial extract was separated on a 12% SDS-PAGe using a discontinuous buffer system 3ml stacking (5%) and 10 ml resolving (12%) gel. A Bio Rad mini-Protean II cell was used. A page ruler unstained protein ladder (Fermentas co.) was also run along with protein samples as standard (molecular weight 10-200 KDa). SDS PAGe was performed at constant current of 30mAmp and voltage of 60 V. Gels were stained using Coomassie brilliant blue dye R-250 35 photographed and documented.
Ubiquinone extraction and identification
Fungal ubiquinones were extracted according the method of 36 . The freeze-dried mycelia were disrupted using high-speed homogenizer and grounded with an approximately equal weight of clean cold sand and with a sufficient amount of chloroform: methanol (2:1(v/v)) using enough quantity of glass beads was added. Then freeze dried until complete extraction. The dried mixture was thawed and mixed with 3 ml methanol: n-hexane (3:2; v/v) in a universal bottle. The mixture was vortexed for 1 min at least; then, 8 ml of n-hexane was added, mixed and centrifuged at a low speed for 10 min. The top n-hexane layer was removed without disturbing the methanol: n-hexane interface. The combined hexane extracts were dried in foil covered bottles to avoid photodegradation. The dried extracts were dissolved in a sufficient amount of ethyl acetate just prior to chromatographic analysis and leaved for about two hours allowing the ubiquinone oxidation occur.
The extracted ubiquinones were separated by high performance liquid chromatography (Kromasil C8 (eka Chemicals, Sweden) column 5C18-P (4.6x250mmx5µm), while the mobile phase was acetonitrile: isopropanol (84:16, v/v), flow rate: 1.0 ml/min at 50Cº.
The chromatograms were recorded at 210nm UV detector and identified by using the standard of ubiquinones: Q9 Coenzyme, Q10 Coenzyme and Q10 (H 2 ) Coenzyme (Sigma Chemical Company -USA) [37] [38] .
statistical Cluster analysis of the Phylogenetic relationships
The role of the ubiquinone and protein profiles as useful criteria for studying phylogenetic relationships among the investigated penicillia were evaluated by using statistical cluster analysis with joining (tree clustering) being the clustering method using the Statistica software for Windows release (4.5 F, State Soft. Inc.1993).
resUlts
The obtained results concerning ubiquinone analysis of the investigated penicillia species revealed that the Q-9, was the major ubiquinone formed, since this type of ubiquinone molecule concentration constituted more than 90% of those found in all species, while both Q-10 and Q-10 (H 2 ) were also found but in minor concentrations. Ubiquinone systems produced by the investigated isolates as well as their concentrations were summarized in (Table 1) .
Ubiquinone (Co-Q) profiles of the twenty nine P. aurantiogriseum type strains revealed the presence of three different types of ubiquinone; Q-9 was found in all the investigated strains.While, each of Q-10 and Q-10(H 2 ) were restricted distribution among the investigated organisms (Table 1) .
A phylogenetic tree based on ubiquinone revealed the grouping of the investigated isolates into three clades. (Fig. 1 It should be noted that the first two groups were spaced out from each other by the linkage distance of 1.1, while they were both apart from the third clade by a linkage distance of 1.7. The ubiquinone profile revealed a valuable chemocategorization indicator for the studied strains. But, it wouldn't be possible to substantiate such relationships without a supplementary assessment using other markers.
The obtained results concerning protein analysis of the investigated penicillia species revealed that twenty eight discrete types of protein and the approximate molecular weights of the polypeptide ranged from 7 kDa to 180 kDa ,also several proteins were common among most of the investigated organisms (115, 90, 83, 75, 63, 60, 55, 49, 23, 17, 13 and 10 KDa) while, he peptide band of approx 7, 15, 22 and 150 KDa could be advantageously accepted as chemotaxonomic markers for those species owing to their minor and restricted spreading throughout the investigated strains that ranged from 9-10 strains (Fig. 2) .
disCUssion
Penicillium is one of the most economically important genera among filamentous fungi. much of their economic impact is deleterious, with food spoilage, mycotoxin production and biodeterioration heading the list, but in fact their potential for economic utility is equally important 39 . Some authors have published the usage of a compilation of the physiological techniques used in the identification of filamentous fungi. They list a variety of biochemical methods which range from simple agar-based tests to more sophisticate chromatographic and electrophorietic methods. Numerous alternative approaches have been developed, including nutritional and physiological studies, serologic tests, secondary metabolites, ubiquinone systems, protein and fatty acids profiling. Although some of these were very useful for identifying poorly differentiated fungi such as yeasts and black yeasts, they were only complementary tools of morphological data in most cases. moreover, it was a very difficult to depend only on the morphological data to distinguish among the subspecies 36 . many authors described the usage of ubiquinone systems in a generic and intrageneric level in fungi 26, 40 . However, some obtained satisfactory results at the infrageneric level 18, 41-43. According to the available literature on ubiquinone chemotaxonomy over intraspecific level was found, hence it was encouraging to investigate its potential ability to discriminate among strains of the same species.The phylogenetic tree based on the current ubiquinone revealed the grouping of the investigated strains into three clades. These results are consistent with that published by 44 which succeeded to group the same strains, based on RAPD-PCR and volatile oils as well as secondary metabolites, into different clades indicating differences among those strains and hence reflecting the use of ubiquinone as a useful marker on the level of intraspecific.
Additionally, the study of 39 examined 335 strains and 118 species of Penicillium sensu lato and determined that the Q9 ubiqinone type was predominant in the species of Penicillium sensu stricto.
Also, several studies reported the importance of ubiquinone in yeast taxonomy 45 , and to characterize Malbranchea and Coccidioides 46 . moreover, a reliable ubiquinone profile within several strains of Cunninghamella was found out 38 . It materialized more supportive considering the use of SDS-PAGe marker outline in penicillia chemotaxonomy, since this marker confirmed the former results obtained from ubiquinone marker, with some variations in ordering the tested strains.
The obtained results of SDS-PAGe marker confirmed the results acquired by the study of 44 who studied the intraspecific variations among the same strains of P. aurantiogriseum using the profiles of RAPD-PCR, fatty acid; secondary and volatile metabolites as taxonomic markers.
These results are in coherence with the conclusion of 47 who stated that the SDS-PAGe protein profiling character was found effective for phylogenetic studies in Crotalaria species. It had proved its advantage over morphological identification. The intraspecific variations between the two accessions of C.pallida they investigated could be resolved only by DNA based techniques like RAPD and ISSR markers as they mentioned 48 . Also, the current results are in resemblance with the study on four species of Crotalaria based on eST SSR markers 13 . Protein markers are simple and effective in revealing inter specific relationships. The interesting fact revealed by protein markers is that it had clustered C.grahamiana; a foliate species, along with the simple leafed species whereas the classical taxonomic key clusters C.grahamiana with the compound leafed species which is not supported by the protein data. Since seed storage proteins are the products of gene expression with genetic stability and not been affected much by environment, the protein banding patterns poses a much validated phylogenetic relationship than relying on few morphological characters 49, 50 . The study of 51 used SDS-PAGe and silver staining technique to identify yeast presence in the oral cavities. Another report described the characterization of Candida species from oral cavities using meticulous enzyme electrophoresis 52 .
ConClUsion
The current study is unique in profiling the ubiquinone as well as SDS-PAGe pattern of 23 type strains of P.aurantiogriseum and proofed to be successful chemotaxonomical markers over the intraspecific level, a level difficult to discriminate using only morphology.
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